THE OCCURRENCE OF OIL DUCTS IN CERTAIN EUCALYPTS AND
ANGOPHORAS.

By M. B. WeLcs, B.Se, A.LC., Economi¢ Botanist, Techunological Musenm.
(Plates xlii-xlvi.,, and seven Text-figures.)

The presence, i the leaves, of oil glands or =ecretory cavities in varying
nuniber and mode of distribution, is a characteristic feature of the great majority
of Euecalypts and Angophoras, though in several speeies, particularly in the
latter genus, these glands are practieally absent. In secction these glands appear
as ovate, elliptical, or circular eavities whiel, thongh varying in size and shape
within small limitz, are never elongated sufficiently to approach in any way
what awre known as *duets,” “eanals” or “passages.” Secretory passages differ
from the typical seeretory cavities only in then elongation; in origin they are
schizogenous, lysigenons or sehizolysigenous. They are found in a number of
Natural Orders, partienlarly in the Coniferales, and may oeeur in the pith,
xylem, pbloem oy cortex. Tu some genera they ave confined to the roots, m
others they traverse the whole plant, or are himited to portions of the stem and
leaves.  Whatever their mode of distribution may be, they possess, swithout
doubt, a marked taxonomic importance and value.

The oil-eontaining secretory ducts which are deseribed here as being present
m certain species of the Eucalypts and Angoplhoras have apparently not yet
been recorded. In tact, Solereder (1908) makes no mention of oil eanals oe-
curring in any of the Myrtaceae. Macalpine and Remfrey (1891) reeord, how-
ever, the presence of “Central canals,” in the petioles of Eucalyptus calophylla,
E. ficifolia and E. waculate *with its variety citriodora.”” In that paper the
presence ol oll is discounted and the contents are elassed along with those of
the cortical cavities of the petiole as being probably of a kinoid nature. There
is no donbt, however, that oil, apparently similar m charaeter to that in the
leaf oil-glands, occurs in these canals, and turther that tannin subslances have
not, so far, been found in them.

This investigation lhas shown that ducts ocenr i the stems and leaves of
the following Bucalypts and Angophoras:—F. Abergiana F. v. M. (PL xlhii., fig.
G). E. calophylla R. Br. (Pl xliii., fig. 4), E. corymbosa Sm. (Pl xli.; Pl xliv,,
fie. 51 Pl. xIvi., figs. 1, 5-7), E. citriodora Hook. (Fl. xhii., fie. 3), K. dichromo-
pliloia ¥.x. M. (PL xlv., fig. 1), E. eximia Schaun. (Pl xliv., fie. 4), E. ferruginea
Schau. (Pl xliv., fig. 1), E. ficifolia F. v. M. (Pl xlvi, fig. 2), E. Foelscheana
F. v. M. (PL xlv., fig. 6), E. kaematorylon J. H. M. (PL xlv., figs. 2, 3), E.
intermedia R. T. B. (PL xlvi., fig. 4), E. latifolic ¥. v. M. (Pl xlv, fig. 5),
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. maewlala Hook. (Pl xhii., fig. 1), F. peltata Benth. (Pl xliv., fig. 3). E.
purophora Benth. (PL xiv., fig. 1), K. terminalis F. v. M. (PL xhii, fig. 5),
E. trachyphloia . v. M. (PL xIvi, fig. 3), E. Watsoniane F. v. M. (PL xhv,
fig. 2), Angophora lanceolata Cav. (PL xhii, fig. 2; PL xhv., fig. 6).

E. corymbosa, the common Bloodwood near Sydney, has been selected as
being typical of the above speeies.

In the stems these canals or ducts are usually orientated towards the four
corners of the pith, which is more or less rectangular in section, and oceur just
within the intraxylary phloem, the vaseular bundles of the Eucalypts being
bicoltateral. They are typically four in number, though it is quite common to
find fewer, and this number is often exceeded. An example of this is scen in
E. kaematorylon (PL xlv.. fie. 3) where nine canals oceur. In .tugophora
lanceolata the young stems are usually somewhat triangular (PL xliv., fiz. 6).
This is refleeted in the pith and in this species the nnmber of duets in the
stem is commonly three, directed, as in E. corymbosa, to the corners. In a large
number of Euealypts now examined (over eighty species) 1 have found no
indication of ducts occurring—when they do oecur—in any part of the stem,
other than the pith.

In the leaves, the canals are tound only in the mid-rib and never in con-
junetion with any of the lateral or intramarginal veins. In every species of
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~ Textfig. 1.—Transverse sections of a leaf nine inches in length, showing the
diagrammatic arrangement of the ducts and xylem.

{a) T.S. petiole near stem; (b) T.S. petiole near lamina; (¢) 1 inch from base
of lamina; (d)} 2 inches from base of lamina; (e} 3 inches from base of lamina:
(f) 4 inches from base of lamina: (g) 5 inches from base of lamina; (h) 6 inches
from base of lamina; (i) 7 inches from base of lamina; (j} S inches from base
of lamina. ‘

Text-fig. 2—Two adjacent ducts in a yvoung leaf of £. corymébosa which,
however, do not “show branching. The smaller duct only extends for a very
short distance and is independent of the larger one. The shaded cells possess
denser contents and are apparently, at this stage, epithelial in character.

FEucalyptus in which these duets oceur, the xylem of the prineipal leaf-vein
forms two distinct, ahmost parallel, bands along the greater part of its leneth.
This is shown somewhat diagrammatically in Text-fiz. 1 (c.f.).
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In some cases one or both of these zones may be divided into smaller areas
(see Pl xhi,, fig. 2), but as a rule the equal development of the xylem on both
sides is a ebaracteristic of' these species. Text-fig. 1 ¢ shows the upper zone of
xylem divided into two, this section being taken at a point 5 inches from the
Junction ot the petiole and lamina. In this section the duets are 0.04 mm. in
diameter and disappear a very short distance further along the leaf. In the
uppermost three inches of the leaf, represented i Text-fie. 1 by the 3 scctions
I, i, j, the ducts are absent, and the two smaller xylem areas also disappear in
the last section. The only marked exception to this typical arrangement of the
xylem is tfound in the mid-rib of .lngophora lanceolata (Fl. xhiv., fie. 6). The
structure 1 this speetes is, however, typical of the vast majority ot the
Bucalypts examimed, hut in which ducts are wanting.

There is a gradual dimnmution in diameter as the canal passes along the
petiole and throngh the lamina of the leaf. Where the petiole joins the stem
the duets arve eomparatively large, varving up fo 0.35 mm. in diameter in F.
ertmia. At the junction ot the petiole and leaf blade they are somewhat smaller,
and 1 the leaf are commonly 0.10 mm. in diameter, showing a gradunal reduction
in size until at a point about 2/3 of the distance Irom hase to apex, they
disappear.

Although two 1s the narmal number of duets in the leaf, it iz quite eommon
fo find a third or fourth, seldom more. These arise independently alongside the

" others, in some eases in actual eontact (Text-fig. 2}, bnt evidenee of branching
18 rarvely found. These secondary ducts do not persist, as a rale, for any
distanee, and gradunally taper off and disappear. In a few cases one of the
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Textfig. 3—Transverse sections of the junction of the stem and petiole of a
mature leaf showing diagrammatic arrangement of the xylem and ducts.

main duets may disappear, but only for a short distance, reappearing in the
same relative position as before. The faet that the two leaf duets are nor-
mally continueus for some distance is shown by the quantity of the exudation
from them when cut transversely. This is partienlarly noticeable in the large
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leaves of Eucalyptus eximia, where medium-sized droplets appear on the cut
surface. There is apparently a break in continuity of the duets, however,
where the petiole joins the stem. Text-fig. 3 « shows the arrangemcnt of the
xylem in the young stem (left) and petiole (right), and the distribution of the
ducts in either ecase at the junction. In Text-fig. 3 4 the vaseular bundles in
stem and petiole have joined up and, although there is no alteration in the
number and arrangement of the duets in the stem, in the petiole the positions
of the duets are marked only by a small guantity of thin-walled parenchymatous
tissue with no cavity. In intermediate stages between (a) and (b) it is found
that the cavity gradually becowmes smaller, bemng eneroached upon by thin-
walled cells. Text-fig. 3 ¢ shows that the “petiole” ducts have quite disappeared,
although as before, the ducts in the stem show mno alteration. “In Text-fie. 3 d,
the two ducts reappear in a corresponding position to that whieh they oceupied
in the petiole, and are persistent down the stem. The non-continuity of the
ducts is alko noticed in the very carly stages of development of the leaves., and
will be dealt with later.

Seedlings of several of the species were obtained and an c¢xamination gave
the tollowing results:—

FE. citriodora, scedling 18 inches high—There was no trace of duels below
a distance of six inches from the hypocotyl. About 12 inches from the hypocotyl
the ducts were well developed, there being four in the stem and two in the
petiole  and leaves. In the latter, however, they were only persistent for a
comparatively short distance—about 1.5 inches in a leat 5-G inches in length.

E. erimia, seedling 24 inches high—There was no elear evidence of duets
until abont 15 inehes from the hypoeotyl. In some leaves ducts were not found
in the lower portion of the petiole, nt oeeurred nearver the leal blade: in ofhers
the ducts were normal in arrangement, two being the uwsual number.

E. trachyphloia, seedlings 4 inches high.—There was no trace of duets in
the lower part of the stem, bunt a single duet was found in the pith, near the
top. A single duet was also observed in the petiole and lower portion of the
lamina i several of the leaves, which were hnear-lanceolate and about 2 inehes
in length.

Seedlings of E. corymbosa and E. maculata were also examined and gave
similar results. It is evident that these duets do not oeenr m the roots or lower
portions of the stem. a number of seedlings being examined in this respeet, but
with negative vesults; in hoth cases the medulla is very small. Sections of the
axillary stem nodules in several of the seedlings showed ne trace of ducts.

In Plate xlvi., fie. 6 is seen an almost median longitudinal section of a leaf-
bud of FE. corymbosa, with {wo outer larger leaves, and portions of vounger
leaves and stem. Two duels in very early stages of development are present
in the larger leaves and on the right are traces of stem duets. A much en-
larged view of portion of one of the outer leaves is shown in PL xIvi. fig. 7.
The dunet is here rvepresented by a row of short cavities, each =eparated hy a
distinet end wall. Just above, in the same figure, is a typical gland. showing
its relative size and shape. It is apparent that at fhis stage there is close ve-
lationship between an individnal cavity of {he duet and the oil eland. [n older
leaves and stems the end walls disappear completely. giving an elongated eavity
which varies in length from less than 1 mm. to 100 mm. or more in lhe leaves,
and evidently funclions as u storage reservoir for the seereted oil. Two elon-
aaled cavities or duels are shown in Plafe xIvi., fiz. 5. this being an approxi-
mately median scefion. parallel o the leaf surface of E. corymbosa. On either
side of the primary vein a number of oil glands in the mesophyll arve also seen.
and it is evident that there is little in common in shape between them and the
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duets, The duet is formed therefore hy the linking up of a number of small
cavittes, each ecorresponding to a single oil gland, and formed by the division
of a single meristematie eell in certain positions in the stems and leaves. Early
stages in this development are shown in Text-fig. 4.

Subsequent division eanses the formation of a group of eells, characterised
by their denser contents, arranged in an almost spherieal mass,

Text-fig. 4. Text-fig. 5.
Textfig. 4—Transverse section of a stem apex of Z£. corymbosa showing
initial stages in the development of a dnct.
Textfig. 5—Later stages in the development of the duct than are shown
in Textfig. 4, but the formation of the central cavity is just commencing.

Separation of these cells then ocenrs internally, early stages being shown
in Text-fig. 5 @, b, finally leaving a distinet central eavity (Text-fig. 1). There
still remains a distmet wall of cells separating ecach eavity, until, as already
mentioned, these barriers break down forming an individual duet. The central
eavity has in the meantime enlarged considerably in scetion, evidently due to
naturat growth of the surrounding tissues and partly due to disintegration of
the inner eellular tissue. Taking into account the mode of their formation, it
15 evident that these duets are first formed lysigenously, and later on schizo-
genously, a mode of formation to which Tsehireh applies the term schizoly-
stgenous.

In young leaves there i1s usually no trace of duets until they are about
0.75 mm. in width, whereas oil glands appear in leaves with a diameter of
less than 0.2 mm. They are never found in the apex of the stem or leaf, e.g. in
Pt xlvi., fig. 6, the larger leaves are about 3 mm. i length and the duets only
extend about 1/3 of the distance from the base. As already pointed out, this
is also a characteristie feature in mature leaves.

It is interesting to trace the course of these duets in the leaf-bud; 7Text-
fig. 6 a shows a seetion through the numerous, almost opposite, leaves towards
the apex of the bud of E. corymbose, and, although duets are well developed in
the outer leaves, there is no trace of them vet in the inuer ones; Text-fie. 6 b
is somewhat nearer the hase of the bud, and shows a eentral stem with fonr
very small duets in very early stages. On either side are the two axillary
stems with no duets, and ontside these again are the petioles of the outer
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Jeaves, with two well-developed duels in cach; Text-fig, G e, still nearer the base,
shows the lhinking up on one side of one of the onter leaves with the stem,
and it will be noticed that the duets on this side have disappeared. In Text-
fig. 6 d the left hand petiole has almost fused with the stem but, although yet
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Text-fig. 6—Transverse sections of a leaf bud (a) and (b), and stem (e)
and (f), with intermediate sections (¢) and (d), showing the junction of the
almost opposite leaves with the axis, and the arrangement of the central ducts
which are not continuous at this point.

distinet, the duets in this ecase are also wanting. It will he seen that althongh
almost opposite, the leaves show a tendeney to become alternate, a characteristie
ot the normal growth i this species.  Text-fig. 6 e shows the complete linking
up of both outer leaves with the stem, and the reappearance on the right of
two duets in a position in the stem corresponding to that oecupied whilst in
the petiole. In Text-fig. 6 f the duets have also reappeared on the left hand
side, and it 1s a striking feature that three of the original stem duets have
disappeared, and (he fourth is mueh reduced in size.  This reduection in numhber
of the duets accounts lor the usnal appearance ot four in the stem, althongh
as already pointed out this number 18 offen exceeded.

The presence of a  definite  epithelinm within the cavity is not always
chavacteristic  of  these duets. In mmany eases an  cpithelial lining denbtless
exists (Text-fie. 1), and in a number of seetions the cavity is almost hlocked
by rows of more or less concentrically arranged thin-walled cells.  In other
cases, partientarly in older stems and leaves, there is no trace of any efinite
epithelial layer, which probably undergoes disintegration.

Contents of Secretory Ducts,

In all {hose species of which fresh material conld he ohtained the contents
of the secrctory duets were examined in situ. They were found to he vellowish
in colour as a rule, though sometimes almost colonrless, and usually granular
in appearanee under the mieroscope, owing to a munber of small globules be-
mg present.  Treatment with inercasing strength of aleohol had little or no
effect until 99% was reached. Here contraction oeenrved, the contents usunally
coing into final solution in 95-1009; aleohol. This solubility of the contents of
the duet is in accord with the results obiained for the oil in {he mesophyll glands
of F. corymbosa.
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Some of the exudation from a eut stem was transferred to a slide and,
as Dbetore, solution ocemrred in 93%-100%, usually in the former. In some
cases a very small, clear, film-like residue was left, which was insoluble in
cbloratorm or ether.

Seetions  of fresh leaves stained in a =olution of alkannin in 50% aleohol
showed the characteristic hright red colouration in the duets, indicating the
presence of oil.  Cyanin m 5077 aleohol also gave a positive reaction for oil in
the central duets.  Glacial acetie  acid, and also  agqueous solution of ehloral
bydrate gave complete =olution. The Unverdorben Franchimont reaction (Zim-
merman), using copper acetate, showed the normal colouration for terpenes.
Tests for tunnin gave no indieations in the eentral duets or in the adjacent eells.
There zeems no doubt that oil oecurs in these central duets, and is similar, at
any rate m behavionr under microchenneal fests, to that oceurring in the normal
glands in the mesophyll ot the leaves or in the cortex of stems and petioles.

Some material of K. corymbosa was soaked in water for six months and
at the end of this period the contents ot the duets were still soluble in 95%
alrohol, showing apparently no alferation in this respect. Nevertheless material
fixedd in “chromacetie  acid.” picrie acid in 507% or 95¢ aleohol, “formalin

Text-fig. 7—Ducts in section showing the insoluble residue, (a) and (b) in
early stage of development, (c), (d) and (e) later stages in which a lining is
found in the cavity.

aleohol” or even ordinary 959 aleohol, shows an insoluble residne, often in the
form of a complete ring surrounding the duet when seen in section (Text-fig. 7
c-¢), or in the eells. 1t is also noticeable in sections cut from dried leaves.
This insoluble residue is sometimes tound seattered irregularly in the duet, ap-
parently retaining the outline of the cells in which it was at one time enclosed
(Text-fig. 7 @, b). It is apparvently an oxidation product derived trom the
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eontents of the duct or swrrounding cells, and is also found in the oil glands in
the leat. When material is sectioned tresh and transterred direct to 95% alcohol,
the duects and oil glands are found to be free from this residue.

There are certain resemblances or affinities between the species of Eucalyptus
possessing central duets.  Perhaps the most obvious of these are the *“Blood-
wood” fruits, more or less urceolate in shape, though the presence of urceolate
fruts does not necessavily signify duets, e.g.. E. Planchoniuna, a “Stringybark”
from northern N.S.W., has a very simmilar froit to that of K. calophylla, the
Red Gum ot Wiestern Australia, but there is no evidence of duets in the former
species.  Another exception is the Tasmaman F. wrnigera, = with partienlarly
urceolate fruts. Other exceptions are also found.  The leaf venatiou is
eharacteristic: in all species with ducts. the lateral veins are very transverse, in
some cases wlmost at right angles to the midrib, elose and numerous, while the
intramarginal vein is-very near to the edge. Augophora lanceolate is also in
this class. The converse however does not hold, e.g. E. saligna, E. robustu, and
E. resinifera, possess lateral veins which are quile transverse, but no duets
oceur.  The barks of these species show great variation. The great majority
tall into the *“Bloodwood™ group, the bark Dbeing, in some cases, short fibred,
friable, and broken, c.g. fi. corymbosa. Others snch as E. eximia and K. tcr-
minalis arve more flaky. The greatest exceptions are however K. maculata, E.
citriodora and Angophora luneeoluta, all possessing typieal smooth “Gum'™ barks.

The majority of Fucalypts have isobilateral leaves, in which the palisade
mesophyll cither extends right across or forms two distinct zones on either
side with a narrow zone of spongy mesophyll between. although numerons ex-
ceptions ocenr,  Among these species with duets E. Abergianu, E. calophylla, E.
corymbosa, E. dichromophloia, E. fieifolia, E. haematorylon, E. intermedia, to-
gether with Awngophora lanceolata, have a distinetly dorsiventral leat with the
palisade mesophyll developed towards the upper surface oulyv. and stomata pre-
sent on the lower surface. All the other species mentioned have isobilateral
leaves with palisade tissue extending across the leaf aud stomata present on
either surface. Here again the dorsiventral type of leaf is not peculiar to
those specimens with duets, c.g. E. resinifera, FE. robusta, and E. saligna  have
dorsiventral leaves, but no duets.

All the species of Angophora which have been examined, namely, A. cordi-
folia, A. intermedia, A. subveluting, A. Bakeri and :t. lanceolata, also possess
the palisade tissne developed only towards the upper surtace. bat only one
species has eentral duets.

In those species of Fuculyptus with duets, of which the oils have been in-
vestigated by Baker and Smith (1920), the majority fall in their Group 1, ie.
oils consisting largely of pinene without phellandrene.  F. calophylle, E. coryia-
bosa, E. erimia, I.. intermedia and I.. trachyphloic are members of this group
and possess oils with only a trace of eincol.  F. maenlate yields an oil without
phellandrene and with the cineol pereenlage inereased to 20, In the oil of E.
eitriodora there is no cineol or phellandrene, the chief constifnent being citro-
nellal.  These authovs state that the oil of E. terminalis was not investigated as
the number of elands in the leal was so small.  Smith (1914), in a paper on
the essential vils of the .1ngophoras, points ont the great similarity between the
oil of . lanceolata and those obfained From the “Bloodwood™ group of [ucalypts.

Cutlibert TTall (1914), on the evidence of cotyledons, places in the Blood-
wood or Corymbosa group the following species: 17, ealophylla, E. perfoliata, E.
eximia, F. corymbosa, FE. trachyphloia, E. citriodora, E. maculata, and FE.
intermedia. Wilh one exception. E. perfoliata, in which duets have not yet

* [, lesselaris is nlso an exception.
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been ohserved, these speeies contain eentral ducts. Among the species which
he predicted would fall in the same class are E. Abergiana, E. dichromophloia,
E. ferrugiveo, E. Foelscheana, FE. peliata, E. pyrophora, E. terminalis and E.
Watsoniana.

Bentham  (1866), on anthereal evidenee, places in the Corymbosae the
majority of the species then described. and now found to possess duets. The
only exception is E. trachyphloia, which, though placed in the Micrantherae,
was apparently classified on imperfect evidenee.

As already mentioned, those species of Eucalyptus with ducts possess a
mid-rib which, for the greater part of the length of the leaf, has the xylem
in two more or less equal zoncs. Speeies such as E. setosa, E. miniata, E.
phoenicea, I. perfoliata, E. clavigera and E. tesselaris, however, have a similar
vasenlar bundle in the mid-rib, but so far, in the material examined, ducts have
not heen found. Except in the ease of E. tesselaris, however, fresh material
was not available.

Geographically these species are distributed through Western Australia, and
Northern Territory, extending into Northern South Aunstralia. Queensland. and
New South Wales, while one species extends into Vietoria. With this exeeption,
species with duets do not ocenr in Vietoria or Tasmania.

IFrom an evolutionary standpoint, the presence of these duets in certainm
species of the Angophoras and Euealypts adds another argument to the theory
of their eommon ancestry put forward by Baker and Smith. 1n no other genera
of the Tribe Leptospermeae, have similar central oil duets been observed—at
any rate in those species worked on—though, as shown, the oeeurrence of these
canals is purely a specifie eharacter. The closely allied genus Tristania, however,
has a well developed lactiferous system in at least one species. It therefore
seems probable that the speeies of Fucalyptus with ducts are the oldest members
of the genns. and that this eharacter has heen entirely lost in the later types,
which evolved for the most part smaller fruits, isobilateral leaves and u more
obligne leaf venation.

SUMMARY.

Oil duets, tormed by the linking up of a ehain of short secretory cavities,
corresponding in size and formation to the oil glands in the leaf, ocenr in the
stems and leaves, both normnal and abnormal, of certain Euealypts and Ango-
phoras. “So far, they have not been found in any other genera of the Leptos-
permeae, and their oeeurrence is purely speeific.

There is no direet conneetion between these eentral ducts and the leaf,
petiole or stem oi] glands, though both struetures apparently possess an oil of
a similar nature. They are not kinoid in charaeter. These duects are not con-
tinnous in stem and leaves, but show a break at the petiole. They are variable
in diameter and length. ranging from 0.3 mm. to less than 0.03 mm. in the
former and from over 100 mm. to less than 1 wm. in the latter dimension.
They apparently function as storage reservoirs,

No evidence has been found so far to show that these duets oeenr in the
roots and they have not been observed in the lower portions of the stems of
seedlings.

The presenee of these central canals in a very limited number of Encalyvpts,
all of the Corymmbosae elass, indieates their primitive eharacter, and their oe-
currence also in one speeies of Angophora, shows apparently a close phylo-
genetic affinity between the two genera, Angophora and Eucalyptus.

Tn conelusion T should like to express my indebtedness to Mr. .J. H. Maiden,
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1.S.0., F.R.S., for his courtesy in allowing me to obtain material of many of
the rarer Eucalypts from the Botanie Gardens. T am also indebted to Mr. R.
T. Baker, Professor Lawson and Dr. McLuckie for kindly advice and eritieism
thronghout the work.
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EXPLANATION OF PLATES XEI[.-XLVI.
Plate xlii.

E. corymbosa Sm. Transverse section of a portion ot a leat showing typieal
arrangement of the two eentral oil duets in the medulla between the two parallel
bicollateral vascular bundles. The almost equal distribution of the xylem in
two bands along the greater portion of the leaf is typical of Euecalypts of the
Corymbosae group. The palisade tissues are developed towards the upper sur-
face only in this species.

. Plate xhii.

Fig. 1. x 55; TFig. 2. x 80; Tig. 3. x 110; Fig. 4. x 60; Fig. 5. x 70;

Fig. 6. x 50.
Fig. 1.

E. macilata tlook. Transverse leat section with two dnets, i which a
small dark residue remains. This section was made trom dried material.
The palisade extends right aeross the lamina, and stomata occur on either
surface.

Fig. 2.

singophora lanaeolata Cav. Transverse leat section. This is the only genus of
the Myrtaceae, ontside the Enealypts, in whieh central oil duets have so far been
found. The xylem of the mid-rib in this speeies more nearly approaehes that
found in the majority of KEucalypts, thongh in some material there was a
tendency towards the E. corymbosa type. The eontents of the duets (normally
two) are light vellow in eolour and soluble in 95-100 per eent. alechol. As in
the other Angophoras the palisade tissne is found towards the upper surtfaee
only, though this is the only species of the genus in which ducts have so far
bhecn ohserved.

Fig. 3.

E. citriodora Hook. Transverse leat seetion. Two duets are usually found
in this speeies. The palisade tissnes extend right across the leaf, and stomata
occur on hoth snrfaees.

Fig. 4.
F. calophylla R. Br. Transverse leaf section in which two ducts are present,
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though almost eompletely blocked by a dark insoluble residue. In this case the
palisade fissues only occur towards the upper surface. This section was cut
from dried material

Fig. 5.

E. terminalis ¥. v. M. Transverse leaf section with one duct. In some
material of this species examined there was no evidence of duets, whicl are
apparently not well developed in the species. The palisade tissne extends right
across the leaf, and stomata occur on either sarface.

Fig. 6.

E. Abergiana. F. v. M. Transverse leaf section with two ducts. The pali-
sade tissues are developed towards the upper surface only, and stomata occur
on the lower side.

Plate xlhiv,
Figs. 1 and 2, x 45; Fig. 5. x 55; Fig. 4. x 50; PFig. 5. x 13; Fig. 6. x 17
Fig. 1.

E. ferruginea Schau. Transverse leaf section with two duets. The palisade
tissne consists of long narrow cells and extends right across the leaf; stomata
are found on either surface.

Fig. 2.

E. Watsonlana. Transverse leaf section with two small ducts. The palisade
tissue extends right across the leaf, and stomata are developed ou either surface.
The upper xylemn band in this section shows a decided break at a point nearer
the petiole than is usual.

Fig. 3.

. peltata Benth. Transverse leaf seetion with two ducts. The contents
are bright yellow in colour and soluble in 90 per cent. aleoliol. The palisade
extends right aeross the leaf, and stomata are equally developed on either side.

Fig. 4.

E. erimia Schan. Transverse leaf section with three distinet central duets,
though two are normal. The contents are usually elear, light yellow, solnble in
90-95 per cent. aleohol. 1In this species a red pigment is often found wn the
hypodermal eells of the mid-rib. The palisade tissne extends practically right
across the leaf, and stomata are on either surtace.

Fig. 5.

E. corymbosa Sm. Transverse section of stem showing normal arrangement

of four duets in the eorners of the pith.
Fie. 6.

A. lanceolata Cav. Transverse seetion of voung stemm showing three oil

ducts oriented towards the angles of the pith.

Plate xlv.
Fig. 1. x 50; Iigs. 2, 3 and 6. x 30; Fig. 4. x 70; Fig. 5. x 40.
Fig. 1.

E. diehromophloia F. v. M. Transverse leaf section with two small central
duets. In the material examined of this species only one leat duet was often
found with very little contents which were soluble in 90 per cent. alcohol. The
palisade tissne is directed towards the npper surface only. In the stems two
duets were usually found, almost filled with thin-walled ecellular tissue.

Fie. 2.

E. haematoxylon J. H. M. Transverse leaf section with three central duets,
though two were normal in the material examined. Contents very pale yellow in
colonr and soluble in 90 per cent. alcoliol. The palisade tissue is developed
towards the upper surface, and stomata oceur only on the lower epidermis.
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Fig. 3.

K. haematorylon J. 1. M. Transverse section of stem showing nine ducts,
five of which are abnormal. There are also four oil glands present in the cortex.

Fig. 4.

E. pyrophore Benth. Transverse leaf section with tiwo duets almost eom-
pletely closed by a dark residue. There are also several phloem eavities as this
malerial was dry when examined. The palisade tissue extends right across the
leat.

Iig. 5.

K. latifolie ¥. v. M. Transverse leaf seetion with three duets, one of whica
retains a dark residue. Small phloem eavities are seen also in this section,
which was made from dried material. The palisade extends right across the
leaf, and stomata are developed on either side.

Fig. 6.

E. Foelscheana F. v. M. Transverse leaf section with only one duect, the
number usually found in the dried material examined.  The pumerons large
cavities in this scction are dne to the disintegration of the intraxylary phloem,
apparently caused by the pressing during preparation as a herbarium specimen
and subsequent softening of the leaf for sectioning. The palisade tissues extend
right across the lamina.

Plate xIvi.
Iig. 1. x 30; Figs. 2, 4 and 5. x 50; Fig. 3. x 65; Iig. 6. x 20; IFig. 7. x 155.
Fig. 1.

E. corymbose Sm. Transverse section of petiole showing two ducts. These

are usnally larger in diameter than those in the leat.
Fig. 2.

E. ficifolia I, v. M. Transverse leat section with two ducts. The contents
are usnally colourless or very pale yellow, minutely granular, and soluble in 90
per c¢ent. aleohol.  The palisade is developed towards the upper surfuee only,
and stomata are tound on the lower epidermis.

Mg, 3.

E. trachyphloia V. v. M. Transverse leaf section with {wo ducts, the con-
tents being usnally light yellow and soluble in 95 per cent. aleohol. The
palisade shows greater development towards the upper surface, and stomata
are found on the lower side only.

g, 4.

E. intermedia R. T. B. Transverse leat section with two comparatively
large duets, containing a small amount of residue; this section being obtained
from dried material. The palisade wesophyll consists of one or two rows or
cells towards the upper epidermis.

Fig. 5.

E. corymbosa Sm. Median seetion parallel to the leal surface with two
oil duets in the mid-rib. On either side are a number of oil glands distributed
in the mesophyll of the leaf.

Fige. 6.

E. corymbosa Sm. Median longitudinal section through a leaf bud showing
two leaf ducts, and on the right are evidences of two stem duets. There is no
direct conncetion hetween these two systems of duets. !

e, 7.

E. corymbose Sm., Portion of one of the leaves in the preceding figure
nnder a greater magnification, showing the “dnet” composed of a row of small
clongated eavities, corresponding in size and shape to the oil gland seen above.
By the breaking down of the transverse walls the passage becomes continuons.



